
cOpy
RM L5 ?$!

+!!+:. .
--- =,,:.:. , ,

—, -,--- .
~-

— -.
- +&& =&. .,

~ _.&- ---
. -:

.- ~— “’-~ -
~.

RESEARCH MEMORANDUM--

COMPARISON OF AIRFOIL SECTIONS ON TWO TRUINGULAR-

WING-FUSE LAGE CONFIGURATIONS AT TRANSONIC SPEEDS

FROM TESTS BY TKE NACA WING-FLOW METHOD
*

By Albert W. Hall and James M. McKay

Langley Aeronautical Laboratory
Langley Field, Va.

C~D ~

%..%,*

km cduM *MM MWMOII *UW b mw rJChW Of* umd saw mthh w
ef M mticsga Act, USC 6(%S1ad S2. M truamldan.or tta mMLm of M CM*UM in q

-lbmmf
shtas, apprqrfate Cltflfm Offkera ad Wnployees of

Inimwlz.u?rlce scdttaumcd

tbrdm, ad b UnlWd slabs cltlzawof bkmn lujalty ad dlsamfht Wb of ne29sslQ

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
August 8, 1951



.-. .
—

.

------ ._._ -

____
-- .. ...A.

—

“----:--——

.

u

“.. . 4, ,..

..



NACA RM L51FOl ..-w=QuiEo
;

TECH LIBRARY KAFB, NM

Iilllllllllillllllllllll;ll!ll[lll‘:
ll143t!b8

NATIONAL illYIISORYCOMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

COMPARISON OF AIRFOIL SECTIONS ON TWO TRIANGUUR-

WING-FUSELAGE CONTIGUR.NTIONSAT TRANSONIC SPEEDS

FROM TESTS BY THE NACA WING-FLOW METHOD

By Albert W. Hall and Jsmes

SUMMARY

M. McKay

Tests were made by the NACA wing-flow method at Mach numbers from
0.75 to 1.075 to determi= the aerodmic characteristics of four
triaucular-wing-fuselagemodels. Two models had wings of aspect
ratio 2.31 (half-a~x angle of 300), one with an NACA 65-009 airfoil sec-
tion and one with a g-percent-thick biconvex section; the other two models
had wings of aspect ratio k.oo (half-apex angle of 450), one with an
NACA 65-006 airfoil section and one with a 6-~rcent-thick double-wedge
section.

Measurements were made of normal force, chord force, and pitching
moment for verious angles of attack. The Reynolds number of the tests

was approxtiately 1.5 x 106 based on the mean aerodynamic chord of the
aspect-ratio-2.31 wing.

For the g-percent-thick wings of aspect ratio 2.31, less favurable
characteristics were indicated for the wing with the biconvex section
than for the wing with the NACA 65-series section. The latter section
gave generally greater lift-curve slopes, less drag rise with Mach
number and with lift, and nmre rearward aerodynamic-center psitions
than the biconvex section. The variation of the lift end pitching
moment with Mach nuniber,moreover, was more gradual for the wing with
the 65-series section and the drag-rise Mach number was slightly higher
than that for the wing with the biconvex section.

Comparison of results for the double-wedge and 65-series sections
on the thinner wings of aspect ratio 4.00 indicated similar trends
although the differences were genera.Uy much smaller.

.
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INTRODUCTION
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As part of a program to determine the .effeet of reading-edge sweep
and wing section and thickness on the aerodyuemic,chsi%cteristics of ,.
triangular wings at transonic and low supersonic s~e~s, several”ting~”
fuselage configurations have been tested by the NACA”--ti@-flowme%hod~

---- =
—

The present paper is concerned primsrily with th~effect of’wing “-
section as indicated fro.rnresults of tests of two ~$l-percent-thickwings
of aspect ratio 2.31, one with sn NACA 65-009 aiti?oilsection and one with

.—

a biconvex section, &d two 6-percent-thick wingslof.@pe,ct ratio ~.OQfl
one with an NACA 65-006 section and one with a symmet-ricaldouble-wedge
section. Each wing was tested in combination with a ‘%ienderfuselage-
and measurements were made of normal force, chord!force, and pitchi~”-
moment at various angles of attack through a Mach~num]er range of 0.750
to 1.075. z

=. .

SYMBOLS —

local Mach number at surface of test--section ~

effective Mach number at wing of model . ..—-

effective dynamic pressure at wing of model, pounds per square-
foot —.

Reynolds number based on mean aerodynamic chord of model
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b

c

half-apex angle of model wing, degrees

angle of attack of model wing, degrees ,,

semispan-wing area of model, square feet

span of model wing, inches
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local wing chord

mean aerodynamic

OY model, inches

chord of model wing, inches .
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spanwise coordinate, inches .-
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lift, pounds

pitching mo~ent about 50-percent C point, inch-pounds

drag, pounds

lift coefficient (L/qS)

pitching-moment coefficient (M/qSE)

drag coefficient (D/qS) ‘

drag coefficient at zero lift

aspect ratio (4 tan c)

rate of change of lift coefficient with angle of attack

average ratio of the increment of drag coefficient above the
minimum to the square of the increment of lift measured from
that corresponding to minimum bag coefficient

[*I
rate of change of pitching-moment coefficient with lift coefficient

APPARATUS AND TESTS

The tests were made by the NACA wing-flow method in which the model
was mounted in a region of high-speed flow over the wing of a North
Americ=F-51D airplsne.

The four semispan models tested consisted of four different tri-
W1= WiWS h combination with a fuselage. Two wings had an aspect
ratio Of 2.31 (e = 300), one with anNACA 65-009 section and one with a
g-percent-thick biconvex section; the other two wings had an aspect ratio
of 4.oo (G = 450), one with en NACA 65-006 section and one with a.
6-~rcent-thick double-wedge section (maximum thiclmess at O.50C). The
fuselage was a half-body of revolution of fineness ratio 12 and was fitted

.
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with an end plate. The models were mounted about 1/64 inch above the
● .

surface of the test section and fastened to a strainaage balance below
the test section by means of a shank which passeci,through a hole in the
test section, The model and bslance oscillated together thus allowing

.—

normal force, chord force, and pitching moment to;be~easured at various
angles of attack. Details of the models are giveninitables IQ 11”” ““ ‘“-~
md figures 1 snd 2. + +R<+ .-:~

—

The chordwise distribution of local Mach num~r. ~ along the ._

airplane wing surface in the test region is sho~) in figure 3 for sev- ““- “==
eral values of airplwe Mach number and lift coef~ic~n+. ti 10CSJ. “ ~, ____
Mach number was determined from static-pressuremeasfiements made wit~
orifices flush with the surface in tests with the~”rno~elremoved. The”
vertical Mach number zradient was determined from’me&urements made ~th” “–’ “’-<
a static pressure tube located at various distenc~s move the sur?ace-
of the test section and found to be 0.009 ~r inc’h.%e effectivG Mach
number M at the wing of the model was determine~da~-an average Mach
number over the wing area of the model. Arnore ~etailed dis&ssion o~”
the determination of effective Mach number -&ridef,fec~ve dynamic pres”:”
sure q can be found in reference 1. .-=

.——

,,._, .-—
... .-

---
!:. —... ..=

,:. - -—

.—

The angle of attack was determined from measurements of model angle
end local-flow angle. The local-flow angle was dete%ined by a free= ““‘“ ‘-”’=
floating vane mounted outboard of the model”station as discussed in ref-
erence 1.

——

—

The tests were made during high-speed dives ,of~he,F-51D airplane. =
-—

Continuous measurements were made of angle of atf:ack~normal force, ““‘ ‘
chord force, and pitching moment of the model as ~theeffective Mach
number varied from 1.075 to 0.75 end as the model!wa%’oscillated *hr6ugh”

,.= -—7.

an angle-of-attack range of -3° to 10°. The Reydold% number r- for ““““-- “
the tests is shown in figure 4. I %-- -“ ::. !:’n”~-—. .-

REDUCTION OF DATA

Lift, drag,.and pitching-moment coefficients We based on the wing
area extended to the fuselage center line as sho~ in figure 2.

:—_ .-
Pitclling

moments are referred to the 50-percent mean-aerodynamic-chord~int.
—
r

Corrections have been made to the drag for ~he effect of buo~en~”
on the fuselage due to pressure ~adierrts in the test region. Buoyancy””
effects on the wings were found to be negligible; No attempt has been
made to correct the drag data for the effect of the fuselage end plate.

Figure 5 shows sample data for one oscillat+on@rou@ the angle-
of-attack range. The Mach number varied from 0.~8 to 0.86 during the_

,.
,’ Y-
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—

!’

.—___
-1-

—



NACA RM L51FOl

h

cycle. The curves faired through “thesepoints
for a Mach number of 0.87. Similarly, several

.

5

are used to give results
cycles were reduced for

. ~ach configuration and cross-plotted-to show variations of the character-
istics with Mach number at constant lift coefficients.

lift
The vsxiation
coefficients

RESULTS AND DISCUSSION

Lift Characteristics

of angle of attack a with Mach
CL is shown in figure 6 for the

number M at constant
four wing-fuselage

configurations. The curves presented in figure 6(a) for the 9-percent-
thick, A = 2.31 wings indicate a more gradual variation of a with
M at constsnt values of CL for the wing having the NACA 65-oo9 sec-

tion than for the wing having the biconvex section. The curves presented
in figure 6(b) for the 6-percent-thick, A = 4.00 wings indicate
relatively little difference in the variation of a with M at constant
values of CL for the wing having the NACA 65-006 section and the wing

having the double-wedge section.

The variation of the lift-curve slopes dCL/da with Mach number

is presented in figure 7 for the four configurations. Also shown are
calculated values obtained by the methods given in references 2 and 3.
For both wing plan forms the values of dCL/d~ at CL =0 (fig. 7(a))

.
were higher throughout the Mach number range of the tests for the wings
having NACA 65-series sections tchanfor the wings having biconvex and

. double-wedge sections. The values of dC!L/da at CL = 0.3 (fig. 7(b))

indicate very little effect of section shape for either plan form at
subsonic speeds but the ssme trend appesrs at higher speeds as was appar-
ent at CL = 0, that is, NACA 65-series sections produced higher lift.

The subsonic values of dCL/da calculated by the method of refer-

ence 2 are in closer agreement with the wings having 65-series sections
than with the wings having the biconvex and double-wedge sections. At
low-supersonic speeds the experimental values of dCL/da for each

configuration are considerably lower than the values calculated by the
method of reference 3.

The vsriation of dCL/da with M at CL = O for other A = 4.00

wings is shown in references 4 and ~. me V~iatiOn Of dCL/da with.
M given in figure 7(a) for the wing with the NACA 65-006 section i_s
similar to the curve presented in reference 4 for a wing with an

v
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NACA 0005-63 section, particularly the sharp peak &t ~= 0.95. The
values of dCL/da presented in reference 5 for a y~ngwith sn NACA 65Aoo~”
section are lower than the values given h figure ‘T(a)-for a si&ilar ~
wing but are very close to the values given in figure 7(a) for tk wing
with the 6-percent-thickdouble-wedge section. :. ;,..,- .,L: -=.

Drag Characteristics ‘“ . ,:..

The variation of drag coefficient CD with ~ at constan% value:: .
—.

-—
● ✍

✎

.

—.<. .,. .. -:_.-
,..’. :“+ .. a

—.
.— . .: .=_

.,

–~-. —

=
--

—----
of CL is shown in figure 8 for the four wigg-fus@ag~ configurations. , ,:~~

.

The variation of drag coefficient at zero lift cD& —“tiithM for the ++— . -_

configurations having 9.-perce@-thick, A = 2.31 ~in@fi(fig. 8(a))
indicates a lower drag over the Mach number..~angeOf the tests for...the= ~ -~

.—. > .-

wing having the NACA 65-oo9 section than for the w~ng~aving the bicon–vex~ “
section. The differences indicated at subsonic sp~eds could be withti~ ““ .....
the limitations of the test methods; however; the ~a~~tude of the drag ‘“ — ,_
rise with Mach number is believed to be of the cor~ec~~order and WOUl~.- _ ,. 1
indicate considerably less drag for the wing with the~ACA” 65-oo9 section
than for the wing with the biconvex section at low-supersonic speeds.
In the case of the two 6-percent-thick,

—
A = 4.00 wings (fig. 8(b)) the

differences in VdUeS of CDO are less th~” those of the two A =2.31 —

wings but the same trend is evident, that is, the wi~.having the
NACA 65-006 section gives lower drag over the Mach~Ntiier range of the ““ ~
tests thsm the wing having the double-wedgesection, p~ticularly at low-

—

supersonic speeds. For both plan forms the drag-rjse_lach number .appears .
to be slightly higher for the wings having NACA 65:-se~iessections. ._ , , --=

,—:-. ..—

.- .-

The values of CD for the A = 4.()() ~lonfigima~ion with an ~ .
0 ,... .=

-.>. _
NACA 65-006 airfoil section are lower than those g~iven~inreference”5 ,, .=

.

for a similar configuration (with a slightly diffe~ent fvselage nd .. -...=l.~
without buoyancy corrections) but the magnitude o~the~drag rise is
about the ssme in both cases.

...-...-.. —G1 ._ i:_-.-::::”~_

The drag due to lift is represented by the factor ACD/ACL2 ~d

the variation of this factor with M is show in figure 9 for the four ..
wing-fuselage configurations.

:

/
The values of, ACD ~L2 are lower for

the A = 2.31 wing with NACA 65-oo9 section,than ~for~~hesame pl~ form ‘+ ‘“”:” ‘=
with biconvex section, whereas for the A = 4.00 ~i~-there is verY .~~. ._

---

little difference indicated between values Of AC~/ACL2 for the

NACA 65-006 and double-wedge sections. The-:eciprocaJ_of the lift-curie
.

1.
slope (at CL = O) has also”been plotted in figure’9 for”each COtii_@-.._.._~_ “~

1 :“ “ration and in each case the values of —
.,.-

dCL/da
arelfairly close to the-- T~-

= ~=z.~–: ‘“*=
-.
.-

I

—.-
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corresponding values of ACD/!L2j indicating

7

that the resultant-force

increment due to angle of attack is
plane for all configurations.

Pitching-Moment

acting nearly normal to the chord

Characteristics

The variation of pitching-moment coefficient Cm with M at

Const=t Wd.ues of CL is shown in figure 10 for the four wing-fuselage

configurations. For the 9-percent-thick, A = 2.31 wings the variation
of cm with M is more gradual for the wing having NACA 65-009 section

than for the wing having the biconvex section. For the thinner, A = 4.00
wings the variation of Cm with M is quite similsr for the NACA 65-006

and double-wedge sections.

The aerodynsnic-center locations were determined from the slopes
of the pitching-moment curves (dCm/dCL) at CL = O =d CL = 0.3. (s&ml-“

ple pitching-moment curve for one configuration at M = 0.87 is shown in
fig. 5.) The aerodynamic-center variation with M is shown in figure 11
for the four wing-fuselage configurations. For both plan forms where
there is an appreciable difference in aerodynamic-center position it is
fsrther forward for the wings having the biconvex or double-wedge sec-
tions thau for the wings having the NACA 65-series sections.

CONCLUDING REMARKS

Tests made by the NACA wing-flow iethodon four triangular-wing-
fuselage models, twu having wings of aspect ratio 2.31, one with an
NACA 65-009 section and one with a 9-percent-thick biconvex section and
two having wings of aspect ratio 4.00, one with an NACA 65-006 section
and one with a 6-percent-thick double-wedge section indicate these
results at l%ch numbers between 0.75 and 1.075.

For the 9-percent-thfck wings of as~ct ratio 2.31 less favorable
characteristics were indicated for the wing with the biconvex section
thsn for the wing with the NACA 65-series section. The latter section
gave generally greater lift-curve slopes, less drag rise with Mach number
and with lift, and more rearward aerodynamic-center positions than the
biconvex section. The variation of the lift and pitching moment with
Mach number, moreover, was more gradual for the wing with the 65-series
section, and the drag-rise Mach number was slightly higher than for the
wing with the biconvex section.
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Comparison of results for the double-we~e sad,NA~~ 65-series sec-
tions on the thinner wings of aspect ratio 4 indicqte’d_s~ilar”tre!ds~”~

—

slthough the differences were generally much small~r. ~~”
.~—v

i.i..- ~,_—

Langley Aeronautical Laboratory ; %?.
!T:..&;,,-~National Advisory Committee for Aeronautics ~ -2.-~ ~~ . .. ,.~~ ;;:~= ... ~

Langley Field, Va. I *.. ._._,. ,,..+ a. ;:,—. L-—---- --— =.
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TABLE I

GEOMETRIC CEMIACTERISTICS OF MODEL CONFIGURATIONS

—

Tings:

Section . . . . . . . . . .

Thickness ratio,
percent chord . . . . . .

HsJf-apex angle, degrees .

d,in. . . . . . ● . . . .

Semispau srea including
projected sxea of wing in
fuselage, sq in. . . . .

Aspect ratio . . . . . . .

Dihedral, deg . . . . . . .

Iacidence, deg . . . . . .

—.

t.melage:

Biconvex

9

30

4.07

10.78

2.31

0

0

lACA 65-009

9

30

4.07

10.78

2.31

0

0

)ouble
redge

6

45

3.02

10.26

4.0

0

0

9

rfAc~65-006

6

45

3.02

10.26

4.0

0

0

Section. . . . . . . . . . . Modified 65-series body of revolution

Length, in. . . . . . . . . . . . . . . . . . . . . . . . . . 14.0

Maximum diameter at 50
percentlength, in. . . . . . . . . . . . . . . . . . . . 1.17

Fineness ratio . . . . . . . . . . . . . . . . . . . . . . . 12.0

-=s=’
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Endp/u+e
fuselage

(md%?d 6%sw/es
body of revoluf,bn)

.—. — .— - —-— .— -

T~%
L

Aspect mfio =2.3/

whg swfuce

.

Figure 2.- Details of wing-fusehge models .
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Figure 4.- Variation of test Reynolds number with effective Mach number.
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